During enterohepatic circulation of bile acids, absorption of bile acids across plasma membranes into ileocytes and hepatocytes is mediated by sodiumdependent transporters, ISBT (also called as ASBT or IBAT) and NTCP, respectively. 1) Besides considerable similarity between ISBT and NTCP in their amino acid sequences (37-37z identity), those transporters share similar hydropathy proˆles indicating that the membrane topologies of these proteins are similar. Despite these structural similarities between ISBT and NTCP, their subcellular localization is diŠerent: NTCP goes to the basolateral membrane, while ISBT is found on the apical side of the polarized cells.
2) Transport properties of human and rat NTCP have been well characterized, [3] [4] [5] [6] [7] [8] but there is little information about the characteristics of mouse bile acid transporters, even though mice have advantages as a model of animal experiments. For this reason, we cloned NTCP cDNA from mice and attempted to characterize these transport properties by transient expression.
cDNA for NTCP was ampliˆed by 5?-and 3?-RACE from a cDNA library of mouse liver (Marathon-Ready cDNA purchased from Clontech) using gene-speciˆc primers (5?-GSP, CGAAGCTT-CCATGGAGTGTCACAACGTATCAGC; 3?-GSP, CGAAGCTTCTCGAGATTTGCCATCTGACCA-GAATTCAGG) designed on the basis of the nucleotide sequence of rat NTCP cDNA. 4) According to the sequence data, a new primer pair was designed to amplify the full-length cDNA (5?-primer, CCCCAAGCTTCCAGCACTGGGCAAGG;
3?-primer, CCGGAAGCTTAGGTAAGTTAGAACT-ACCAGTTGTAGTTTATTTCC). The ampliˆed full-length cDNA was cloned into pUC119, and the nucleotide sequence was analyzed for three clones.
The amino acid sequence deduced from the consensus sequence of the three clones (submitted to (A) Uptake after a 1-min incubation was measured at various concentrations of TC in the presence of 100 mM NaCl (circles) or KCl (squares). Points and bars represent the average and standard error of three independent experiments. (B) The apparent Michaelis constant ( K m ) and the maximum uptake (V max ) were calculated by linear regression of the double reciprocal plot. GenBank under accession of AB003303) is highly similar to human and rat NTCP, with 75z and 91z identity, 4, 5) respectively, and is completely identical to a recently reported mouse NTCP1, 9) which is the longer version of mouse NTCP generated by alternative splicing (sequence analysis was done with GeneInspector 1.5 purchased from Textco).
A clone with no diŠerence from the consensus sequence was subcloned in a mammalian expression vector, pZeoSV2(+) (purchased from Invitrogen). COS-7 cells was transfected with the resulting vector, designated as pZmNTCP, by a liposome-mediated procedure (Lipofectamine Plus from Lifetechnologies, according to the manufacturer's protocol). (Fig. 2) . This apparent K m is comparable to that for rat NTCP (17-34 mM) 3, 7, 8, 10) and higher than that for human NTCP (6.2-7.9 mM). 5, 6) The Km (86 mM) reported for [ 3 H]TC uptake by mouse NTCP1 expressed in Xenopus laevis oocytes 9) is approximatelŷ ve times higher than that obtained here, although both clones of NTCP are completely identical in their amino acid sequences. The diŠerence in Km, which might be due to the diŠerent experimental conditions, remains to be investigated in detail.
We next measured inhibitory eŠects of primary and secondary bile acids on sodium-dependent [ 3 H]TC uptake mediated by mouse NTCP (Fig. 3) . These bile acids were inhibitory in the order of lithocholic acidÀchenodeoxycholic acid §deoxy-cholic acidÀglycocholic acid §taurocholic acidÀcholic acid. A similar tendency in the order of inhibitory eŠect was observed for human NTCP 5) except for the remarkable inhibition by lithocholic acid of mouse NTCP.
Mutations that naturally occurred in human ISBT, which abolish transport activity without aŠecting the subcellular localization, were found within the Cterminal 106 amino acids. 11, 12) Recent research using photolabile analogues of bile acid in combination with proteolytic digestion has mapped the substratebinding site in the C-terminal 56-67 amino acids of rabbit ISBT. 13) Thoseˆndings suggest the importance of the C-terminal region of ISBT for interaction with the transport substrates. In the case of rat NTCP, however, truncation of the C-terminal 56 amino acids did not aŠect transport activity. 2, 10) It might be speculated that mechanisms for interaction with substrates are diŠerent between ISBT and NTCP even with their relatively high similarity and the apparently similar substrate speciˆcity deduced from the inhibition experiments. [3] [4] [5] 8, [14] [15] [16] Comparison between ISBT and NTCP would give us further insight into structure-function relationships of sodium-dependent bile acid transporters.
